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SURVKY-A  PILOT  STUDY  (HKLCOMS-PS) 


FXF.CI'T  I  VK  SUMMARY 

1  >  s  i  i  "  i  IT**  'Larch  and  April  I  PSA,  S  hours  of  voice  r.ulio  traffic  were  co  1  - 
1.  etc*  it  v  it  i  on.i  1  Training  (NTCI  exeri'isos  in  Fort  Irwin,  FA .  The  S  hours 
insist.  >d  .o'  '  ive  non-nmsenit  i  ye  one— hour  sainolos  covering  peak  period 
t  r  i!  t  in  m  the  rom'’ian<!  nets  of  two  tank  companies,  two  mechanized  infantry 

•  ■  mp  iiiies,  ind  one  mechanized  inf. ant  rv  battalion  task  force.  Farit  of  the 
hours  was  independent  lv  and  subjectively  chosen  on  the  basis  of  intelligi- 
'  i  i  !  it  y  i;  I  n  •  •  t  activity.  This  limited  traffic  sample  underwent  a  detai led 
exeler  it  o  r  v  analysis.  The  results  of  that  exploratory  analysis,  titled  the 
Hun  in  F hi1  i  nee  r  i  ng  Laboratory  Common  i  eat  i  ons-P  i  I  ot  Study  (  HKLCOMS-PS  )  ,  are 
tleser  i  be  !  in  this  report . 

This  r  i  i  lot  study  was  conducted  to  idem  ifv  human  performance  issues  of 
t  tel  !•’,,!  radio  communications.  As  this  pilot  study  involves  a  limited 
.a-ple  si-e,  it  would  not  he  advisable  to  draw  anv  firm  conclusions  from 
the  r ■ nd i nr  s  list  ed  be  1 ow . 

'hie  units  surveyed  used  their  nets  about  29  percent  of  Lite  time,  vet 
the  ex  peet  va !  t  t  i  me  for  a  gi  yen  station  on  net  was  IS  seconds.  This  con- 
1  i  i  :  in  '  i  ..  .,  the  low  us  a  an  factor  coupled  with  the  long  wait  time)  is 
me'  i.'hen  many  users  t  rv  simultaneously  to  access  the  net. 

t  ii  ion  usage  analysis  revealed  that  within  one  company  the  cumula- 

'  i  platoon  !  e  i  1>  •  r  s  net  usage  time  tended  to  be  inversely  proportional  to 

>  '■  i  c  imti.r'v  ciirw nde  r  '  s  net  usage  t  i  me  . 

Th.-  h  th  I  reipieney  of  interference  impacted  heavily  on  transmission 
■  ;  .  es  . .  over  do  percent  of  all  transmissions  were  lost  due  to  i  interference. 

.  i  r  .  and  a  j  c  were  the  great  ost  interf  erence  factors.  An  in-depth 

; :  nd  v  >!  :;t  erf  ••reitce  would  be  required  to  determine  the  specific  nature 

i  .  e .  ,  ■'uui.vien'  ,  environment  or  manmade )  and  the  degree  of  impact  on 

I-  1  r  m't  i  Venous  . 

Across  HI  samples,  AS  percent  of  the  transmission  attempts  resulted  in 
y  i:  ’em.  ui  t  r.  i"smi  ss  ions .  An  average  of  21  percent  of  net  usage  involved 

i  -  •  •  .  ; :  ’  i 1  •  ransmi  sa  ions.  The  mean  transmission  length  w  is  1 .  ?  seconds, 

"h..  to  i  !  see-  i-usful  transmission  times  and  mean  r  ransmi  i  on  lengths  were 
.  a  s  j  , :  .  i  ie i oss  the  five  nets  surveyed . 

i  ■  r  t  "  e  i  n  d  i  v  i  Inal  1  -  h  on  r  samples,  r  h  e  tie  r  ■'  e  n  r  a  gc  of  su  e  c  e  s  s  t  u  1 

•  -  i  s  -ii-  i  tended  to  increase  as  the  number  <>t  at  r  empts  decreased  (or 

i  •>  .  e  -  t  he  harder  the  users  tried,  the  less  successful  they  were). 


1 


One  hundred  twenty-four  messages  were  transmitted  during  the  total  5 
hours.  The  ranee  among  one-hour  samples  was  rather  large  (i.e.,  19-TO). 

Messages  were  round  to  break  down  into  nine  subject  categories  with 
command  and  control  as  the  main  subject  in  the  5  hours  (i.e.,  34  percent). 

The  elapsed  t  ime  for  messages  in  each  1-hour  sample  tended  to  decrease 
.hen  the  actual  transmission  time  increased.  Tt  could  he  concluded  that 
the  longer  transmission  time  was  attributable  to  "doing  one's  thinking 
while  transmitting,  whereas,  the  longer  elapsed  time  (longer  pauses  between 
transmissions)  could  be  attributable  to  "doing  one's  thinking"  between 
t  ransmi ss ions. 

There  was  an  obvious  disregard  for  proper  military  terminology  and 
proper  procedure  words. 

Fit  tv-two  percent  of  all  successful  transmit  time  was  involved  with 
call  signs  and  related  procedures.  The  52  percent  included  a  lot  of 
"home-made"  short  cuts  on  the  part  of  the  users.  Tf  the  users  had  followed 
ttie  correct  procedure,  it  was  estimated  that  the  net  usage  factor  would 
have  increased  from  29  to  A3  percent  with  a  corresponding  expected  wait 
time  Increase  from  3ft  to  49  seconds. 


.1' ..  .  I  II  n  J,  t  Jill  rnm  ■  u,  j  M,,|,  m  ,.y 
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IN  PRODUCTION 

A  brief  liter. iture  review  and  discussions  with  the  cognizant  offices 
dI  TRADOC  Systems  Manager  (TSM)  and  Project  Managers  Office,  Single  Channel 
'■round  and  Airborne  Radio  System  (PMO-S 1NGARS )  led  to  the  determination 
that,  tactical  radio  traffic  is  currently  receiving  no  more  than  a  cursory 
analysis.  It  was  further  determined  that  an  in-depth  analysis  of  such 
traffic  might  provide  some  excellent  human  performance  data;  therefore, 
this  pilot  study  was  initiated  to  evaluate  the  feasibility  ot  a  detailed 
analysis  leading  to  follow-on  concentrated  studies  of  those  human  factors 
inputs  of  tactical  radio  communications  which  appear  to  degrade  the 
effectiveness  and  efficiency  of  field  co/nmunica t Ions . 


>H.n.vj  ri  vk 


!'he  objective  of  HELCOMS-PS  was  to  conduct  an  exploratory  in-depth 
aaa! ysis  of  recorded  tactical  radio  communications  to  see  if  quantitatively 
•  •  xpressed  trends  and  indicators  could  be  Identified  which  would  provide 
‘■■'si  ’hi  into  human  performance  in  the  field  communications  environment. 
l'  o, ‘  h  1  o  spin-offs  perceived  were  an  increased  understanding  of  user 
requirements,  equipment  design  Improvements,  radio  procedure  (training) 
i  .iprove.ivnis ,  and  support/reinforcement  of  other  study  efforts. 


M.  lila,' 


i '  i  r  i  i  c  i }  i  a  n  t  s 

l!’’  participants  in  this  pilot  study  were  military  personnel  operating  on 
the  five  radio  nets  sampled.  The  nets  contained  between  3  to  17  stations 
(see  Element  1,  Table  1C,  Appendix  C)  with  normally  one  operator  per 
station.  The  participants  were  members  of  an  armor  battalion  and  a 
mec  liar.  ‘  zml  Infantry  battalion  organized  to  form  an  armor-heavy  task  force 
and  a  rtui  A  nil  zed  Infantry  heavy  task  force,  respectively.  At  the  time  of 
the  data  ■  i)  1  I  cr  t  I  on ,  these  units  were  undergoing  near  realistic  battle 
’■'dirions  during  scheduled  training  exercises  at  the  National  Training 
'•"‘ter  (VIE),  Port  Irwin,  CA.  Specific  unit  and  individual  identities  have 
! withheld  t  rom  tills  report  per  NTC  request. 


i 
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Appa  ra  t  us 


The  participants  used  the  AN/VRC-12  series  of  FM  radio  sets  without 
secure  voice  equipment  for  communications.  Their  traffic  was  recorded  by  a 
40-channel  Verltrac  Model  5000  Voice  Communications  Recording  System. 
Cassette  copies  of  select  traffic  samples  wt?re  made  from  the  Verltrac  for 
data  reduction  tasks. 

Mo  unique  apparatus  was  employed  for  the  data  reduction  tasks.  Time 
data  were  obtained  using  a  pushbutton,  momentary-action  switch  connected  to 
a  Hewlett  Packard  Model  9R30A  computer.  The  computer  was  programmed  to 
produce  a  printout  of  the  time  between  switch  activations.  Narrative 

traffic  was  transcribed  manuallv. 


Procedure 


Tactical  c  '"'"inn  i  ra  t  i  ons  from  peak  traffic  periods  were  selected  and 
recorded  on  cassett.  The  selection  Included  five  1 -hour  samples  from  a 
total  of  15  hours  of  recorded  radio  traffic  (Table  1),  with  peak  Intensity 
at  tiie  }!)- minute  point.  Samples  were  subjectively  chosen  on  the  basis  of 
i  >ite I  I igi hi  1 i tv  and  net  activity  during  peak  traffic  periods.  A  transcript 
of  the  narrative  and  time  data  was  produced  for  all  5  hours  of  traffic  and 
then  analyzed  from  several  different  perspectives  (see  Results  and 
Dtscussi  ).  A  sample  transcript  along  with  associated  descriptive 
material  are  provided  In  Appendix  B. 

One  of  the  main  constraints  placed  upon  this  effort  was  the  requirement 
to  conduct  the  MF.i.COMS-PS  without  any  interference  to  the  NTC  training: 
mission.  Therefore,  it  was  not  possible  to  collect  certain  complementary 
data  such  a-,  radio  operator  training  and  experience  statistics,  radio 
maintenance  .tatus,  terrain  profiles,  etc.  as  part  of  the  pilot  study. 


RESIT. To  AND  1)1  SCUTS  ION 


Tin-  basic  results  are  provided  in  Appendix  C.  These  results  were 
analyzed  tnd  then  organized  into  composite  findings  discussed  below.  It 
shoal i  he  noted  that  these  findings  have  been  derived  from  a  limited  sample 
frame  size  (5  hours)  ind  are,  therefore,  not  to  be  Interpreted  as 
conclusive.  They  do ,  however,  point  out  those  aspects  worthy  of  further 
investigation  in  follow-on  studies. 

A  glossary  is  included  In  Appendix  A.  Notes  of  explanat  ion  are  a  1  so 
provlJ  I  in  the  Results  tnd  Discussion  Section  where  necessary.  Tacit*  2 
ils>  tout  tins  a  description  of  a  message  and  its  elements  which  the  reader 
should  he  familiar  with  before  reviewing  i he  findings  described  below. 1 


For  .i  co  j,  i  e !  e  dts  u.sion  of  radio  telephone  procedures  set;  FM  .'4-1, 
omh.it  ‘  .oiMTtuu  I  -a  t  t  ,n  s  and  ST  ?- 180,  Infantry  Commun  i  cn  t  i  on  Data,  US  Army 
1  ;  i  i  u  1 1  r  y  .,<  ht.n  1  ,  1  ’  .  B.  in  i  ni*  ,  ,etir  ;i  t. 


TABLE  1 


Sample  Size  Description 


Samp  1  <■ 

Net  Used 

T;u* t  i  cu  l  En v 1 ronmeut 

Hour  One 

Tank 

Company  Command  Net 

Of  t  ense 

Hour  Two 

Tank 

Company  Command  Net 

0 1  t  ense 

ilour  !  : i i*tiO 

Men  h . 

inf .  Co.  Command  Net 

Dc  tense 

Hour  Four 

Bn . 

Task  Force  Command  Net 

Of  fense 

Hour  Five 

Mec  h  • 

Inf.  Co.  Command  Net 

Offense 

TABLE  2 

Sample  Message 

Ft  insm i  so  ion 

Purpose 

Messag  rt  Element 

'u!  i  l<4 .  Pt  is  is 

1  i  pa  ->')  .  Jve  !' 

Establish  radio 
contact.  Originator 

dead  i  rig 

Add  r e s  se i.* 

*'  i  pa  >  >  ■  This  is 

at  In  Hi .  Over 

Acknowledged  receipt, 
confirms  radio  contact. 

Head i ng 

Or i g i na  tor 
Addressee 

1  .  !’  i  pa  49. 
hive  .lade 
■  ilr  p.  ;•  jilt  ae  t  oil 

0*1  jec  ;  i  v'e  Over. 

vet' 

Transmit  information 

To  x  l 

Subject 

Matter 

T  i  .  l  /.  a  !  u  H  4  . 

1  Ho  von 

1  ee, !  1  ;  ;  1  s  t.  tin  e 

Acknowledge  receipt  of 
subject  iuhlUT  and  re¬ 
quest  tor  additional 
i nf or mat  ion. 

Text 

S  u  b  j  e  c  t 

Ma  1. 1  e  r 

: '  1  pa  .  >  .  it.*, si  t  i  VC  . 

sit. 

Response  to  leers 
terminate  in  .-age. 

Text  and  . 

hiding  Subject 

Ma  t  L  e  r 

Si  oi-o i f 

Definition  of  Terms  (Message  Elements) 

Tact  leal  radio  communications  involve  a  simple  message  form  with  a 
minimum  of  elements:  originator  (caller),  addressee  (receiver),  subject 
matter,  and  ending.  A  complete  message  normally  consists  of  several 
transmissions.  A  sample  message  Is  shown  In  Table  2;  it  Is  treated  as  a 
single  message  containing  one  subject  that  is  categorized  under  tile  title 
"Situation  Report."  The  sample  message  could  have  included  numerous  text 
transmissions  regarding  enemy  contact  or  transmissions  related  to  other 
categories  such  as  casualties,  exact  position  location,  or  enemy 
intelligence.  The  sample  message  could  have  included  some  unsuccessful 
t.  r  iiisml  ss  Ions  (i.e.,  exhibited  interference)  and  were,  therefore,  possibly 
repeated  . 

For  tlie  purposes  of  this  report,  a  complete  message  is  defined  ns  "an 
exchange  of  transmissions  which  ends  when  one  or  both  stations  voluntarily 
stop  the  exchange  of  transmissions  for  reasons  pertinent  to  the  subject; 
litter.”  Tills  would  mean  a  message  would  be  ended  by  the  term  "out"  (ior 
example)  rather  than  by  some  technical  difficulty. 

figure  1  illustrates  the  structure  of  a  message  with  the  time  elements 
1  dent  1 !  t  ed  . 


finding:  Net  Usage 

usage  factor  was  defined  as  the  percent  of  time  ttiat  the  net  was 
occupied  tor  all  transmissions  (to  include  unsuccessful  ones)  during  the 
sample  period.  The  utilization  factor  for  the  five  1-hour  periods  ranged 
from  21.1  to  31.7  percent.  The  average  usage  factor  was  29.2  percent  or 
about  1M  minutes  per  hour.  The  expected  wait  time  for  i  caller  to  access  a 
net.  was  2H  seconds.  Calculations  tor  the  expected  wait  tine  derivation  are 
described  in  Appendix  M. 

A  subjective  malysis  of  the  sample  traffic  indicated  that  peak 
periods  existed  within  the  one-hour  sample  ol  "peak  period  traffic."  Thi6 
tact  helped  to  exp!  tin  che  relationship  between  the  seemingly  low  usage 
t  a-'tor  results  and  the  relatively  hi  gh  expected  waif  tine.  In  other  words, 
i  lot  ot  periods  were  found  whef  everyone  wanted  to  common  I  ca  t  e  at  the 
same  time.  This  phenomenon  was  1 1  >o  ippa  rent  in  the  cons  liter,  ihle  amount  of 
interference  found  (discussed  later  in  this  report). 
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fammln^:  !’n.  ■  rendering  of  a  r.dio  s igna  1  u n i n t e  !  I  i g i b ! e  or  1  ue  1  t  e  c  t  l  v<  by 

t  lit*  u*  i  ii  ■  Introduction  of  electrical  signals. 

Override:  The  uout  ra  L  i /.a  t  i  on  of  a  radio  signal  by  a  more  powerful  rad  io 
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GLOSSARY 


T  r  I  t  i  a  1  Add  ress  :  Procedure  words  used  by  Che  originator  of  a  message  to 
1  '.elude  the  call  signs  of  die  addressee  md  Che  originator  ("Sierra  36, 
tots  is  Sierra  26") 

Subsequent  Address:  Procedure  words  used  by  Che  responding  station  ("This 
is  Sierra  36"  or  "Sierr-  36"). 

Armor  Task  Force:  A  task  organized  force  comprised  of  tank  and  utec. hun  i  zed 
Infantry  coaqanies.  It  is  battalion  sized  with  the  majority  of  conpanies 
being  tanks. 

Armor  T  tsk  Team:  A  task  organized  team  of  tanks  and  mechanized  Infantry 
platoons.  It  is  company  sized  with  the  majority  of  platoons  being  tanks. 

Inmviod  arid  Control  Activities:  Activities  at  a  unit  level  that  were 
generated"  at  another  level;  I.e.,  a  directive  from  the  Ivattalion  commander 
may  require  rill  i  tr  insmiss Ions  at  the  company  and  platoon  levels. 

bnding :  Procedure  words  used  to  indicate  that  the  transmitting  station  has 

complet  o.t  i  stitement  or  terminated  a  message  ("Over,"  "Out,"  "Roger, 
over,"  "Roger,  out,"  or  "Wilco,  out").  "Wait"  is  sometimes  used  for  the 
purpose  It  i up li o s . 

expected  Wait  Tine:  The  amount  of  time  a  given  station  on  a  radio  net  is 
exported  i  i  wait  to  use  the  net. 

Idiomatic  Dialogue  Patterns:  Any  dialogue  trends  In  segments  of  the  user 
population  which  adversely  impact  on  transmission  effectiveness. 

Interference:  Natural  or  manmade  factors  which  interrupt  or  Interfere  with 

radio  transmissions.  The  Oxford  American  Dictionary  defines  interference 
In  a  more  limited  sense  as  the  fading  of  received  signals  because  of  static 
or  unwanted  sLgnals.  The  dictionary  definition  was  not  applied  in  this 
report  as  It  fails  to  account  for  all  factors;  e.g.,  terrain  and  vehicle 
movement  may  also  cause  interference. 

3a c  kg  round  Noise:  Intrusive  sound  that  Interferes  with  received  or 

recorded  electronic  s 1 gn la  Is . 

Broke  n/Cn  r.  :  Not  complete  or  full;  Interrupted  or  discontinued  radio 

ii  ;mls  which  render  a  transmission  or  message  to  be  Incorrect  or 
mi  i  nt  el  1  i ;;  I  b  1  e  . 

Garble:  An  error  in  transmission,  reception,  encryption,  or  decryption 

which  renders  a  message  or  transmission  incorrect  or  undecipherable; 
alteration  or  distortion  that  creates  a  wrong  Impression  or  a  change  in 
me  i  n I ng  • 
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3.  Analyzing  concurrent  command  net  samples  from  several  levels  of 
command  to  evaluate  the  effectiveness  of  reports/directives  passing  up/down 
command  echelons. 

4.  Analyzing  station  workload  conditions  where  multiple  net 
involvement  is  required. 

In  addition  to  the  specific  objectives  noted  above,  the  results  of 
this  pilot  survey  have  indicated  that  the  effect  of  net  discipline,  call 
sign  structure,  and  radio  operator  procedures  should  receive  further 
evnlit.u  ion.  Of  these,  call  signs  and  associated  procedures  are  considered 
a  priority  candidate  for  further  study  as  they  were  found  to  consume  over 
30  percent  of  transmit  time. 


Ew  =  28  SECONDS 


Tu  =  USAGE  TIME  Ts  =  SUCCESSFUL  TRANSMISSION  TIME 

Tcs  =  CALL  SIGN  TIME  Ew  =  EXPECTED  WAIT  TIME 

Figure  8.  Ca 11  sign  time. 


This  large  expenditure  of  transmission  time  that  is  dedicated  to  call 
signs  suggests  that  improvements  in  this  area  are  warranted.  To  support 
this  suggestion,  a  time  analysis  of  the  call  sign  procedures  was  made 
replacing  the  "homemade"  word  short  cuts  used  with  correct  radio  operator 
procedures.  The  result  was  an  estimated  Increase  of  the  net  usage  factor 
from  29  to  4)  percent  with  a  corresponding  expected  wait  time  increase  from 
20  to  49  seconds. 


'INCLUSIONS  AND  KLCOMMCNUAT IONS 

In  this  pilot  survey  a  detailed  exploratory  analysis  of  a  limited 
voice  radio  traffic  sample  was  conducted.  It  is  concluded  that  the  initial 
survey  results  Indicate  that  further  si  altar  endeavors  would  be  oeneficiul. 

1  s  i  t.'  the  t  vpes  ot  truft  ir  performance  parameters  described  in  this  report 
re  i)  .imioidcd  points  of  analysis  in  future  endeavors  might  include  the 
f  o  1  1  ow  i  n  ; : 

1.  Analyzing  jamming  effectiveness. 

2.  Analyzing  the  impact  of  Mission  Oriented  Protective  Posture  (MOPP) 
tor  conditions  on  common i c a r i on s  effectiveness. 


A  detailed  review  of  the  transcripts  was  conducted  to  determine  to 
what  extent,  If  any,  peculiar  language  jiatterns  or  words  are  in  practice; 
e.g.,  geographical  slang  or  citizen's  band  (CB)  jargon.  Only  seven  such 
cases  were  found  in  the  total  5  hours.  This  was  not  considered  to  be 
particularly  significant,  especially  since  Lhey  were  isolated  cases.  The 
terns  used  in  those  cases  were  examples  of  nonstandard  military  terminology 
which  are  described  above. 


Omitted  Procedure  Words:  An  examination  of  the  5  hours  of  traffic 
revealed  that  transmissions  did  not  always  Include  the  address  and  ending 
procedure  words.  Table  5  provides  a  recap  of  omitted  procedure  words  in 
successful  transmissions.  The  data  provided  in  the  table  showed  that  76 
percent  of  all  successful  transmissions  In  5  hours  of  recorded  radio 
traffic  included  procedural  errors  (i.e.,  879  (169+350+352)  of  1,163  equals 
the  5-hour  total  for  successful  transmissions).  Thirty  percent  (  352- 
1,183)  ut  the  successful  transmissions  had  no  address  and  no  ending. 


TABLE  5 


Categories  of  Interference  by  Percent 


Hour  #1 

Hour  If  2 

Hour  ft  3 

Hour  ft 4 

Hour  If  5 

l.arhle 

67 

73 

80 

4 

10 

■  )ve  r  r  i  tie 

6 

0 

0 

2 

22 

iiroki  ii  / Cut 

9 

8 

20 

20 

29 

Star  i  i  ■ 

18 

6 

0 

68 

5 

i  r*im  i  i 

0 

13 

0 

0 

3 

Bicker  mind  So  i  sc 

0 

0 

0 

6 

31 

Call  Signs:  The  time  required  to  transmit  call  signs  took  up  a 

.  i  gu i i  : can t  portion  of  usage  time.  As  illustrated  in  Figure  8,  call  sign 
tie  (  f  r  s  )  consumed  11  percent  of  the  sample  time.  Even  more 
i  inti/,  call  sign  time  represented  52  percent  of  the  successful 
’  i  i  .  1 1  ;  ;  ion  time  (Ts).  This  monopoly  of  transmission  time  by  call  signs 
i  •  pti'i  '  ilaly  significant  considering  the  fact  that  the  call  sign 
i't  1  "lure.  >l>se  r  ved  were  frequently  abbreviated,  followed  nonstandard 
i>r  n'l  i,  .'S,  and  were  sometimes  disregarded  altogether.  This  disregard  for 
i  '!!  sic  is  appeared  to  present  only  minor  problems  during  periods  of  light 
activity  or  low  triffic  density  because  of  voice  familiarity;  however, 
during  periods  of  intense  activity  or  high  traffic  density  some  confusion 
resulted  and  even  wirrmted  queries  about  who  was  traus al I  t Lng. 


TABLE  4 


Message  Subject  Matter  Categories 


Category 

Net 

(Hour)  if  1 

Net 

(Hour)  If 2 

Net 

(Hour)  if 3 

Net 

(Hour)  #4 

Net 

(Hour)  if 5 

if  1 

ji  % 

if  Z 

If  l 

it  Z 

Command  and  Control 

18 

47 

1 1 

26 

16 

46 

5 

16 

9 

36 

Intel  1  igenc.e 

6 

16 

1 1 

26 

4 

n 

9 

28 

3 

12 

Position  Location 

4 

11 

4 

9 

7 

20 

3 

9 

3 

12 

Situation  Report 

2 

5 

4 

9 

4 

11 

6 

19 

5 

20 

Casualty  (Equipment) 

7 

18 

5 

12 

3 

9 

3 

9 

1 

4 

Casualty  (Personnel) 

0 

0 

7 

16 

0 

0 

2 

6 

0 

0 

Radio  Check 

1 

3 

1 

2 

0 

0 

0 

0 

0 

0 

Fire  Support 

Commun i cat  ions 

0 

0 

0 

0 

1 

3 

0 

0 

0 

0 

Inst  rue  t ions 

0 

0 

0 

0 

0 

0 

4 

13 

4 

16 

Totals 

38 

100 

43 

100 

35 

100 

32 

100 

25 

100 

Note:  Total  for  each  net  could  exceed  the  message  success  rate  because  some 

messages  addressed  more  than  one  of  the  specified  categories. 


S  v.  CASUALTY  REPORT 
(PERSONNEL) 


1  7.  RADIO  CHECK 

1  7.  FIRE  SUPPORT 
REQUEST 


II  7. 

CASUALTY  REPORT 
(EQUIPMENT) 


S  7.  COMMO  INSTRUCTIONS 


i  i'  i  it 


it  (>iMr  1 1 


vi ve-hour  total. 


Finding:  Message  Subject  Matter 


Message  subject  matter  results  are  shown  in  Table  4.  The  5-hour 
composite  is  depicted  in  Figure  7.  Over  one-third  of  the  subject  matter 
concerned  command  control  activities  and  when  combined  with  the 
Intelligence  category,  these  activities  made  up  over  half  of  the  total. 
Specific  nets  were  found  to  devote  a  greater  percentage  of  their  times  to 
varying  subjects.  For  example,  Net  #  3  '  s  station  location  reporting 
occurred  twice  as  frequently  as  the  other  nets.  This  appeared  to  be  caused 
by  the  tight  control  exercised  by  the  company  commander  which  was  in  a 
static  (defensive)  situation  in  contrast  to  the  other  units  which  were 
involved  in  fLuid  (offensive)  operations.  One  would  normally  expect  less 
position  location  reporting  in  a  static  situation. 


Finding:  Dialogue  Patterns 

Nonstandard  Practice:  The  5  hours  of  traffic  were  filled  with 
nonstandard  terminology,  procedures,  and  call  signs.  Transmissions  also 
frequently  lacked  specificity  and  contained  profanity. 

Examples  of  nonstandard  terminology,  procedures,  and  call  signs  are 
listed  below.  Each  example  was  a  complete  transmission. 

1.  "Your  dime." 

2.  "Coin  down  the  road." 

3.  "David,  do  you  hear  me?" 

4.  "You  were  walked  on." 

Examples  of  ambiguous  or  nonspecific  comments  include  (complete 
verbatim  transmissions): 

1.  "Edge  around  the  corner.” 

2.  "Move  forward  a  little  bit  more.” 

3.  "Coin  down  the  road.” 

4.  We  lost  anything  yet?” 

5.  "Contact,  contact!” 

Direction  and  distance  Instructions  frequently  included  "right"  and 
"I'M,"  "up"  and  "back,"  and  "a  little  bit"  or  "more."  Confusion  and 
repealed  transmissions  were  generated  by  such  terminology  in  situations 
where  right  meant  east  to  the  originator  and  west  to  the  addressee  and 
vh-'tv  "  u  little  bit"  meant  1U0  meters  to  the  originator  and  one  vehicle 
length  t.,)  tile  addressee. 
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transmission  attempts  and  the  Interference  factor  had  little  impact  on 
transmission  success.  However,  a  better  explanation  would  be  that 
transmission  attempts  and  the  interference  factor  tended  to  cancel  each 
other;  i.e.,  those  sample  periods  that  had  the  greater  interference  factor 
forced  a  greater  number  of  transmission  attempts  to  achieve  the  same 
quantity  of  success.  If  the  latter  interpretation  of  the  figures  is 
correct,  then  the  next  phenomenon  to  be  questioned  i9  why  did  all  of  the 
sample  hours  peak  at  relatively  the  same  successful  transmission  quantity 
level?  That  phenomenon  is  possibly  the  saturation  level  for  a  single 
channel  queue  of  the  characteristics  involved.  A  larger  sample  size  would 
answer  the  question. 

Finding:  Keyed  Microphone 

Keyed  microphones  (circumstances  where  a  microphone  was  keyed  but  no 
voice  transmission  followed)  occurred  115  times  in  the  5-hour  total.  These 
appeared  to  be  mostly  an  abbreviated  signaling  procedure  application  or 
out-of-range  transmissions.  Keyed  microphones  were  not  counted  as 
t  ransml ss ions . 


Finding:  Message  Rates 

One  hundred  twenty-four  messages  were  successfully  transmitted  during 
the  5-hour  total  with  a  range  of  19-30  per  sample  hour.  The  mean  message 
transmit  time  was  19  seconds  with  a  range  of  3-75  seconds.  The  mean 
message  elapsed  time  was  34  seconds  with  a  range  of  3-226  seconds.  As 
shown  in  figure  1,  elapsed  time  Includes  both  transmission  time  and  time 
between  transmissions. 

The  elapsed  time  for  messages  in  each  one-hour  sample  tended  to 
decrease  with  an  increase  in  actual  transmission  time.  It  could  be 
concluded  that  the  longer  transmission  time  was  attributable  to  "doing 
one's  thinking"  while  transmitting,  whereas,  the  longer  elapsed  time 
(Longer  pauses  between  transmissions)  could  be  attributable  to  "doing  one's 
thinking"  between  transmissions.  The  latter  appeared  to  be  the  more 
effective  practice  because  ic  provided  better  security  and  reduced  power 
consumption  through  shorter  transmission  times. 

The  message  success  rates  for  hours  It  3  and  It  5  were  probably  higher 
than  evidenced  on  the  recordings.  The  recordings  included  one-way 
conversations.  That  is,  in  a  two-way  conversation,  one  of  the  station's 
transmissions  was  either  not  recorded  because  of  the  distance  or  terrain, 
or  the  transmissions  were  blocked  out  by  interference.  The  other  station's 
transmissions  were  recorded  and  it  was  clearly  obvious,  by  the  nalure  of 
tiie  recorded  transmissions,  that  a  complete  conversation  (message)  had 
taken  place.  Such  one-way  cunversai  ions  were  not  counted  as  successful 
messages  in  the  analysis. 


TRANSMISSIONS 


TABLE  3 

Successful  Transmissions  and  Time  Factors 


nr  Average 
5 


N’umhi 

>r  of  Tran 

sml sslons 

Mean 

T  raosmi t 

Time  (Sec) 

Ramti 

>  T ransmi t 

Time  ( Sec ) 

24  A 
3.2 
1-112 


SAMPLE  HOURS 

■  SUCCESSFUL  ATTEMPTS  (%  OF  TOTAL  ATTEMPTS) 

I  I  INTERFERENCE  FACTOR  (%  OF  SUCCESSFUL  AND  UNSUCCESSFUL 
TRANSMISSIONS  INTERFERRED  WITH) 


f'i.'nri'  'i  .  Success  f  n  1  attempts  versus  interference  facts 


Finding:  Station  Usage 


Station  usage  is  the  amount  of  time,  expressed  in  percent,  that  a 
particular  stati  .  transmitted  on  the  net  during  a  sample  hour.  Station 
usage  data  were  computed  only  for  the  first  three  sample  hours  due  to  the 
cost  of  data  analysis.  The  high  for  station  usage  wa9  18  percent.  The 
average  station  usage  was  3  percent.  Some  stations  were  identified  that 
were  known  to  exist  in  the  net  hut  did  not  transmit  at  all  during  the 
sample  period. 

Figure  2  shows  that  in  two  of  the  sample  hours  the  company  commander 
and  platoon  leaders  used  the  net  approximately  the  same  amount  of  time.  In 
the  third  sample  hour,  however,  the  company  commander  used  the  net  much 
more  than  anyone  else.  Reviewing  the  narrative  traffic,  it  was  found  that 
this  particular  company  commander  gave  a  lot  of  direction  and  exercised 
strict  control  of  the  net,  but  received  very  little  feedback  from  sub¬ 
ordinates.  If  permitted,  in  future  similar  efforts  it  would  be  interesting 
to  compare  such  statistics  to  the  unit's  performance  evaluation. 


Finding:  Interference 

The  high  frequency  of  interference  impacted  heavily  on  transmission 
success.  Five  hundred  twenty  Interference  incidents  occurred  during  the  5 
hour  total.  The  Interference  factor  (number  of  interference  events  per 
transmission  attempts)  ranged  from  7  to  43  percent  for  Individual  sample 
hours  widi  a  5-hour  average  of  31  percent.  Interference  included  garbled 
words,  broken  transmissions,  overrides,  static,  background  noise,  and 
apparent  jamming  (see  Appendix  A,  Glossary,  for  definitions).  Figure  3 
shows  the  categories  of  interference  in  percent  for  the  5  hours  of  traffic. 
Since  the  types  of  interference  could  be  attributable  to  any  of  several 
factors  (i.e.,  equipment,  environment,  rad tc / te lephone  procedures),  no 
specific  conclusions  could  be  drawn.  Without  a  more  detailed  study  of 
interference,  one  could  only  speculate  about  the  specific  causes  of  the 
Interference.  For  example,  garble  and  static  could  have  been  caused  by 
equipment  or  the  environment.  Override  and  broken  (interrupted) 
transmissions  could  have  been  caused  by  human  error  or  equipment. 

The  percent  of  time  that  all  transmission  were  interferred  with  is 
shown  in  Figure  4.  The  percent  of  successful  transmissions  increased  when 
the  interference  factor  decreased. 


Finding:  Transmission  Rates 

For  the  total  5  hours,  there  were  1  7K 1  attempts  to  transmit  and  11(53 
successful  transmissions.  Table  3  shows  that  the  number  of  successful 
t  ransmi  ss  ions  and  the  mean  transmission  time  were  rattier  consistent  across 
the  five  nets  surveyed.  This  Is  interesting  in  light  of  the  previously 
noted  transmission  attempt  and  interference  factor  sample-hour  variances 
Illustrated  in  Figure  4.  To  (letter  illustrate  this  point,  the  data  shown 
in  Tabl  e  3  and  Figure  4  have  been  re i 1 1  us t ra t ed  in  Figures  5  and  ft  to 
better  depict  their  relationships  where  it  would  appear  that  variances  in 


M 


COMPLETE  MESSAGE 


TRANSMISSION: 


TRANSMISSION  TIME:  H-H  k~H  h*~H  K~H 


TIME  BETWEEN 
TRANSMISSIONS: 


TOTAL  MESSAGE  , _ 

ELAPSED  TIME:  ** 

NOTE:  TOTAL  MESSAGE  TRANSMIT  TIME  =  T,  +  T2  +  T3  +  T4  +  Ts 


’E'lr-'  1.  :?rrurturt>  time  I  .iri  nrs. 
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Procedure  W-ird:  A  word  used  within  i  transmission  or  message  In  accordance 
with  proper  radio-telephone  procedures;  l.e.,  "Over,"  "Out,"  "Roger," 
"Wilc.o,"  etc. 

Sample  Time:  The  amount  of  time  from  the  first  to  the  last  transmission  of 
a  recorded"  segment  of  tactical  radio  trafFlc. 

Station  Usage:  The  percentage  of  time  the  radio  net  was  used  by  a  given 
station  during  the  sample  period. 

Transmission:  Coherent  modulation  on  the  carrier  signal  of  a  radio  net 

through  an  active  microphone;  l.e.,  one  with  the  push-to-talk  (PTT)  switch 
depressed . 


Successful  Transmission:  A  transmission  that  is  completed  without 
Interference  (or  without  sufficient  Interference  to  preclude  completion  of 
the  transmission)  prior  to  releasing  the  PTT  switch.  A  successful 
transmission  is  normally  eiule  t  with  the  proper  procedure  word  "Over"  or 
"Out."  To  be  successful,  a  transmission  does  not  have  to  be  acknowledged . 

Unsuccess f u L  Transmission:  A  transmission  that  is  not  completed  prior  to 
releasing  the  PTT  switch.  Normally,  some  form  of  inter f erence  precludes 
the  completion  of  the  transmission. 

Successful  Transmission  Time:  The  amount  of  time  a  radio  net  was  used 
(occupied)  for  successful  transmissions  during  the  sample  time. 

Mean  Tran.sm  i  ss  ion  Length:  The  mean  of  times  used  in  completing  the 
successful  transmissions  during  the  sample  time. 

Transmission  Length  Range:  The  minimum  and  matinun  successful  transmission 
1 1  lies  during  the  sample  time. 

Usage  Time  (Net):  The  tot  il  time  that  the  radio  net  was  occupied  for  all 
transmissions  (successful  and  unsuccessful)  during  the  sample  time. 

Usage  Factor  (Net):  The  percent  of  time  that  the  radio  net  was  occupied 
for  all  transmissions  (successful  and  unsuccessful)  during  the  sample  time. 
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RADIO  NET  COMPOSITION,  DIAGRAM,  AND  TRANSCRIPT  EXCERPT 
MECHANIZED  INFANTRY  TASK  TEAM  (COMPANY) 

TAD  l:  Radio  Net  Composition 
1.  Stations  Normally  on  Net: 


Call  Sign 

Station 

Zula  84 

Deputy  Commander 

Zula  42 

Executive  Officer 

Papa  49 

1st  Platoon  Leader 

Sierra  49 

2nd  Platoon  Leader 

Mike  49 

3rd  Platoon  Leader 

Zulu  66 

Fire  Support  Team 

Zulu  61 

Net  Control  Station 

Zulu  95 

Maintenance  Officer 

Other  Stations  on  Net 

(made  at  least  one  transmission). 

Call  Sign 

Assignment 

X-ray  34 

Battalion  Tactical  Operations  C 

Mike  36 

1st  Platoon  Sergeant 

Papa  49  Romeo 

Asst.  Platoon  Leader,  1st  Platoon 

Papa  99 

Tank  #3,  1st  Platoon 

Stations  Not  Fully  Ide 

nt  l  f  led : 

Call  Sign 

Remarks 

96 

No  prefix.  An  APC  or  a  tank. 

89 

No  prefix.  Unidentified.  Referred 
once.  Not  in  CEOI. 

32 

No  prefix.  Tank  or  APC  #2. 

No  prefix.  Unidentified.  Referred  to 
twice.  Not  in  CKO [ . 


26 


24 


TAB  2:  Sample  Radio  Net  Diagram 
Mechanized  Infantry  Task  Team  (Company) 


1st  Plat  2nd  Plat  3rd  Plat  Fire  Support 

(Armor)  (Mechanized)  (Mechanized)  Teas 


Net  Control 
Station 


Figure  IB.  Radio  net  diagram. 


TAB  3:  Radio  Not  Transcript  Excerpt 

Sierra  49,  84.  If  you  get  the  change  go  on  out,  run  like  !@// 
on  Deer  if  you  get  the  chance,  but  be  careful  of  our  left  flank, 
feeling  they're  going  to  come  at  us  from  out  in  the  --  (cut) 
they're  going  to  come  from  cmr  left  flank  once  we  get  out  there, 
t  hem . 


Zulu  84 ,  Papa  49 . 

Zulu  84,  Papa  49. 

Zulu  84,  over. 

Roger,  we  have  'em  on  Deer,  and  in  front  of  Deer.  Dismounted 
track  vehicles,  break.  One  BMP,  one  T72  and  one  unknown. 

Say  again  their  location. 

Roge r ,  they're  approximately  200  meters  east  of  Deer,  over. 
Can  we  get  out  to  Deer  without  getting  our  lunch  et? 


!  and  ge  t 
I  got  a 
feeling 
so  watch 


,  also  3 


Say  last  again,  over. 


Can  we  get  to  Deer  without  getting  chewed  up? 

All  I  have  is  three  track  vehicles,  I  don't  know  if  they  have  any 
dismounted  AT  capability,  over. 

Break  96,  BA. 

You  need  to  get  up  here  where  you  can  get  me  some  shots  on  Deer  real 
quick.  Come  on  up,  there  are  some  good  spots  up  here  for  you. 

95,  A2 , 

Zulu  BA,  Papa  A9. 

Zulu  BA,  over. 

Roger,  I  have  dismounted  on  the  ground  with  AT. 

Roger,  over. 

66,  BA  give  me  something  out  on  Deer.  Dismounted  enemy. 

95,  A2 . 

95. 

Roger.  This  other  Victor  from  that  same  element  is  going  to  need  a 
voltage  regulator. 

Roger,  let  me  get  these  other  elements  up  here. 

95  this  is  A2. 

95. 

Roger,  I  am  advised  this  Victor  you're  moving  up.  They  know  your 
sign,  they're  going  to  continue  to  watch  for  you.  Tf  you  see  someone 
waving  frantically  and  your're  passing  them,  stop,  come  hack  up  to  them. 

This  is  95,  are  you  going  to  continue  moving  forward?  Roger,  I'm  way 
behind  the  action  right  now.  I  need  to  continue  forward.  These,  this 
Victor  is  right  at  the  foot  of  this  main  hill  mass  moving  along  our  route. 

Do  you  want  the  big  Victor  I  have  with  me  to  move  vip  to  your  location? 
Negative,  continue  to  hold  with  you.  It's  maneuverable  enough  in  here,  we 
can  move  him  up  if  necessary,  T'm  going  to  go  ahead  and  move  up  now. 

Keved  mike 

BA,  Sierra  A9. 

Zulu  BA,  Sierra  A9. 

Zulu  BA,  Sierra  A9. 

2B 


Zulu  84 


Be  adviser!  now  we  got  a  1/4-ton  with  the  orange  flags,  over. 

Sav  again,  you  cut  out. 

One  quarter  ton  Victor  with  orange  flags,  over. 

Roger,  that's  theirs,  that's  indirect  smoke  coming  in. 

88,  84. 

88,  84,  over. 

88  ,  84 . 

Stuff's  going  in  Deer. 

Again,  you're  .lust,  bleeping,  that's  all. 

Break,  Papa  49,  84. 

4  9  ,  Zulu  84 . 

49  . 

5  i  t  reps  . 

Roger,  enemy  track  vehicles  had  turned  about  headed  east,  break. 
T  still  have  dismounted  on  the  ground. 

Keyed  mike. 

Fast? 

South,  southeast. 


Revet 

!  mike,  two  times. 

I’  inn 

in. 

8  4 

ip  l 

49, 

84. 

P  ,P  i 

id. 

I'm  getting  intel  from  the  other  net.  Tt  seems  that  the  whole  world 
just  on  the  other  side  of  .Jones.  Back  in  that  hole  we  ire  talking 

h‘  lilt  . 

Roger,  we're  sitting  just  north  of  Jones  now  and  then  there's  -  I  don't 
ee  mv  vehicles  at  all,  over. 

Roger,  Intel  tells  me  there's  about  40  >r  SO  hack  up  in  there 


vii  •  n  1  act 


Edge  around  the  corner  and  take  a  look  up  In  there. 

The  element's  coming  forward  to  my  location? 

Again. 

The  rest  of  the  element  is  coming  forward  to  my  location  at  this  time? 
I'll  start  moving  them  forward.  Are  you  around  the  corner? 
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APPENDIX  D 

EXPECTED  WAIT  TIME  DERIVATION 


EXPECTED  WAIT  TIME  DERIVATION 


The  model  used  to  generate  expected  wait  time  was  taken  from 
"Introduction  to  Queuing  Theory. The  model  assumes  that  each  station 
independently  generates  calls  at  random  with  rate  //  when  Idle.  If  a 
caller,  when  attempting  to  make  a  call.  Is  blocked  because  the  net  Is  In 
use,  he  waits  as  long  as  necessary  to  use  the  net.  When  a  station  Is 
either  using  or  waiting  to  use  the  net.  It  Is  considered  not  Idle  and 
generates  calls  at  rate  zero  during  these  periods.  The  distribution  of  the 
time  durations  of  messages  was  assumed  to  be  exponential. 


^Copper,  B.  Introduction  to  queuing  theory,  (2d.  ed.).  New  York:  McMillan 
Publishing  Company,  Incorporated,  1972. 


The  equation  used  to  generate  expected  wait  time  j E ( W ) }  i 
f ol lows : 


n-s-1 

MW)  *  >  I  u  (i+1)  Pj+1 


Pq  ( j  =  o,l, - ,s-l 


a  -1  Pq  (  j  =  s  ,  s  +  1 ,  — 


1  3  600n 

y  - 

N 

n  -  Total  number  of  stations 

s  -  Total  number  of  nets  available  to  the  stations 

u  '  -  Average  message  length  (seconds) 

y  *  =  Average  time  between  calls  generated  at 
a  given  station  (seconds) 


N  =  Total  number  of  messages  sent  per  hour 


Calculations  were  made  for  two  values  of  N.  One  value  of  N  was  the 
total  number  of  successful  messages.  This  calculation  implies  that  the  net 
was  used  only  for  successful  messages.  This  gives  a  waiting  time  that  is 
too  low  since  we  know  that  the  net  was  used  for  both  successful  and 
unsuccessful  messages.  A  more  realistic.  E(W)  is  obtained  if  the  blocking 
effects  of  all  messages  are  factored  in.  This  requires  a  knowledge  of  the 
number  of  unsuccessful  messages  and  their  duration.  Unfortunately,  this 
information  was  not  available.  However,  an  approximation  was  made  to 
introduce  the  additional  blocking  effect  due  to  usage  of  the  number  of 
successful  messages  per  hour  to  the  point  where  it  reflects  the  usage  of 
the  net  by  both  successful  and  unsuccessful  messages.  The  total  net  time 
for  all  transmissions  and  the  total  net  time  for  all  transmission  contained 
only  in  successful  messages  were  known.  There  were,  respectively,  924  and 
497  seconds.  The  difference  between  these  two  numbers,  427  seconds, 
represents  the  total  transmission  time  for  transmissions  associated  with 
unsuccessful  messages.  The  average  transmission  time  per  successful 
message  was  17.75  seconds.  The  number  427  divided  by  17.75  yields  24,  the 
number  equivalent  sucessful  messages  represented  by  the  427  seconds  of 
unsuccessful  net  usage.  Adding  the  24  equivalent  successful  messages  to  the 
28  observed  successful  messages  gives  52.  This  is  the  second  value  of  N 
for  which  an  F,(W)  was  calculated  and  is  believed  to  produce  a  more  valid 
E(W)  since  it  accounts  for  total  net  usage. 

E(W)  was  calculated  for  the  average  of  hours  #1  ,  #2,  and  #3.  For  ease 
of  reference,  the  necessary  data  elements  are  provided  in  Table  in.  The 
calculation  results  used  to  obtain  expected  at  wait  time  are  shown  in  Table 
2n. 


TABLE  ID 


n 


Expected  Wait  Time  Data  Elements 


»_ 

» 

■ 

Hour  //I 

Hour  #2 

Hour  #3 

Average 

• 

Number  of  Stations 

9 

9 

8 

9  j 

Jl 

Message  Success  Rate/Hour 

30 

27 

2b 

28  1 

Total  Successful  Message 
Transmit  Time  (seconds) 

395 

520 

577 

i 

497  | 

Total  Successful  Message 
Elapsed  Time  (seconds) 
Mean  Successful  Message 

1163 

9  50 

8b5 

1 

993 

4 

Elapsed  Time  (seconds) 

38.8 

35.2 

33.3 

35.8  *  1 

Total  Usage  Time 

984 

947 

840 

924 

« 

40 

1 

i 

•  -  v  •  •.  •  v.  . 

-  ’•OvV-  ;*  Nv-v-v-  :-y-v 

Successful  Messages 


Equivalent  Successful  Messages 
(Incorporates  the  Blocking  Effect 
Attributed  to  Unsuccessful  Message 
Time) 


Number  of  Messages/Hour  (N)  28 


N urn her  of  Nets  (s) 


Mean  Message  Length  (  /j  -1  )35.8  sec. 


IS  .8  sec. 


Number  of  Stations  (n) 


1  =(1800)9= 


1187.14  sec . 


( 1600)9  =  622  sec. 
52 


a=  M  = 


.03094 


.05756 


.73229 


.52756 


K(W)  Seconds 


12.44 


27.85 


Total  Osage  Time;  924  Seconds 


Average  Transmission  Time  Per  Successful  Message:  497  =  17.75  Seconds 

78 


Total  Equivalent  Successful  Messages:  924  =  52.06  (rounded  to  52) 


END 
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